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4^4 4^44.4 433(210)^4(250)4 ^344 43 4 44 44 4^4t11 44 4344.4^ 4 44 
43 4 44 3^4 34^-4 ^34^, 43 *H3°fl tfl*fl 44*1 4^43 2a>^ *g£L±= §i4. 



iAj-7| (220)o)13 ^ 4333^1. 4U43 44 443(224)4 4^ 44 ^143 4444. 3?1 43 44 
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^^-71)44 42001 -007.1775 

Aj*14 34 H o v 4» 4445*43! ^4-8: 3L**(I. 43! ^-3- 3445 444454 2^71(220)3.44 4 * 

°$ 44 cfltb 44 4 5 a H5 43! 444 ^44 44 4«j44. 44, 43!4 4*fl4 3 4 4* Raman « $44 

44 eft!: *4 444 4) «H £4 ^4 Jl#£7> 4A4 £44, 44 4 4«H5 44 ^ 3** 445 34 4 
£454 i^s] 4401 sgtg* 011.4. aam. 444*1 34 ^olM- 445 44 4 4*115 4€- ■§-£, 

44 43>4 £<34 h4 44444 3-44 44444. 44 Ef7jio.s. 444 3^-44 &7l nfl^-ofi, j=<s 44 ^cfl 
344 olf.^ 44 4 «. U fl^ 44444 444. 3£A>7l (220) 3-4 4 4<i34 444 43 44 4 445 * 4^4 
(222)<>fl 4*11 4#45 #41(230) 4^4 ^4 444(224)4 7)444 42: 4 a>4s|£- 44 44 

44. 



% 4471(210)5 44 4(240)4 34,44<344 ^4 344^4 Jt*£ 44* 7 r 45 

44 4(240)4 434 ^3 ^g^^l tfl4 44 7}^4. Richards - Kortum 444 444 44 £-frf-# 

43)21 $4 4444 45 45 ellt 444 £44 4^4 44 ffloi s<y4 43 Jl4^4 S-4 4 £444 ^ 
3 zjo) u|§ol 4*) *)44 !4<a44 ifflS 4. 4«H4. 2.^ 444 ^4 4^4 44 ^44 7 r 3. 

^aj ^£1^ 4^44 434 J&oi J14444 444 4* <344 £445 4€- 4^4 * <r347 r 4-8-* <r 
514 43*r*£, 4 434(210)5 44 ^42=3 444 444 334 444*. S.5 43 t44t4 4^ £ 14 
1 AV-g-«rfe 44*1] 444 44 33 4 ?44 aj-^-^-o.^ s.4€4. 4 4344 4* a 



m * ^£^1(222)21 €4 £3£ * ^4(210)4 «fl a«4 £ 2°H 444 $14 D J, ^ 

47514^1 jg- ^^o.s. sg^oflAi i^tb «°17>714 j§^4 =r 5U4. 



t47l (200)^ 4* -ft-41- ^ ^7l#* £A>§>7H #-g-*r£^ SL«8=3r 37l7 r ^S|4 D ^, #4 tAr7l 

(200)^ ^d#» Richards- Kortum ^-*H tflS ^-#71* S.* ^44 4 « ^4 2^1 

* *!44^1 AV-8-SVS4 £44 H7l7> 7§sfl^ ^ 014. £ 3^ <a4^°J ^44 (200)* 7l2:S 4^. ^ ^4* 
cl-g-sfl ^oj-^. aj oj^l ^« 2:A>4£S. 2.0^4 H7 | 7 ]. ^«fl^4. S)S -8-£°ll4, #4 4a>4 (3 

00)^ 41-444 71-44 «94. 7>4 "3eH4 «H4* 444^, 44 4(302)* **H 444^ 

ifl^-«H4 ^^5. <^7l*>£4 4AV4 (300)4 44 47l€ 444^ ^1^4* A J4 sal^s. 

'g^jafe 444^ ^^°H4 ^-Aj-71 ^4 4^(302) £fe 44 4* *44 44 eflt4 2^ =r^44. 3^ 

» SA>4^ ^^-<H1, 44 "344 4 25mm°lJl 2:^ 7^5)^ 8mm°J 4°1 4±44. 



4AV7l(300)^, 444(330,340)4 >g«H4^ 54 44(316) ^ 443^ 44 44(310)4 £$*Rr 44^ 
4 7V?!4 01 ^^i 4^-(3i0)^ ^^4^o)ji 4 io.844 (27.4cm) 4 444 4Af4 44 44(302)414 425m4 
7> ^j4 4^ 4^-(3io)^ ^ Ai^ E j( 3 20) 1-51H14 444 44(340)4 4441: 444^4 4a>4 ^4 
44(302)^44 oi34 44^5. 4^44; 4 444 444 4.2.3.44 4 10.7cm 4^<H14 44«W 4 2.5£* 
444. 44 44(310)4 3.7)$= 4^44 4* 444 444 4a>4 #44 5 J^» 444^ 34 4x^4. 44 
44(310)4 e4 44(3l6)xr 4a>s. 44444, 4^444, 444444 4^5^ 3^*A3L^, 44 

44711 ^44 <&m 2Lfe 444 44AS ^44 5U4. 54 44(316)5 444 44(330,340)4 4444 4 
4 igEfls 01 ^0^4. 4A^4^ ^44 71711 444°fl 4«il 44444, 444(300)5 4 44 34012.4 
44 544(350)4 3L444. A3 444 54 44(316)4 445 544(350)5 A3 444 4444 44 tt 
40. 4Aj£i^4 0134 iat (430,432) (£ 4) « a 44 4€ 2}44 447>s. 44 44(316)^1 S|44 
4 54711 444*54 44(316)5.44 4 7.54444 ^4544. s.. 444 (350)5 54 44(3l6)°fl i^l^ 
4ai54 44(316)4 44#^444. ^144 £5 444 4**4(300)* 4«H a>41 *r 44. «l* #4, 
^44 2:A>47l 44. 54 44(310,316)5 4h 4^ 44 444 4°J 6061T6 E5 4°d 3044 44 ±n 
oisfli 4444 4 44. 544 (350)5 4 ell 4^ £5 2^ 44°fl 4^1 Si 4 4°d 6061T6 0 i444 £5 
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^^g-7fls.*l s. 2001 -0071775 

a HVfi] 33$ 4*34 - glcf. £*n|fc ^£.0. 3^ t e fl0 ,^ ^ s ^ o. s 2*3334 <g== 44 

^e|^ ^ o^cf. <£47l (300)3 33 cfl«fl 44 4* 3S7} 3444. e|« fcoj, 3S. £433 £44 34 

4te 43 44(310)4 44 14^3. 44^3 214 14^3 * £44 33 4*1 343£3- Tils. 

3. 443 4 4 SlS. £433 44 3^ 444 44 *4=i3. 24£ ^3 711-o.S. 4434 <r $14. Si, £471 ( 
300)21 ^3 44(316) 4 £43(350)^ iL4 ^1 3343 34 33^ XflSS. 4 XU, 43 £-¥-(31 

0)tt 434fe Stf 444 #33 3*114 311^ 5LU4 4 44. 



2:A> #3 



£3 4 ^ 54 44 44?1 (300)3 34 4 44 443 2:4 4*13 33 7>3 7^ 4 £4 4444. £ 3* 44 4 
471 (300)3 44£34. £ 4fe 33 4*1 4 34 44(340)3 43 44 4414 44 444(300)3 4 ^4 34 
0.5. £ ig44£33, * 44 f> 7flfe 4£ 4£ 312,3145. 4444(£ 3). £ 5fe 43 44(310)3 114-1 
-f-442 44 444(300)3 * ^4 444 4 * 44£34. 34 4s(306)4 444 (300)3 €3 44(302)3 
-84 44(340)3 43 44 433 ££ 43 U H34 "r 44*14£ 444(300)4 43 44(302)<H14 423306) 
4*1 4344. S2. 3^ (320) ££-4 3 "§344 444 44(330)4 434 44(340)4- 4 4*14 (120) (£ l) 
« 4 44(110)(£ 1)3 4444 3*1) 53 44(316)3 «B4^ 4444. 44(330,340)4 e3 44(316) 
3 «H44 434 43 ¥4 4$ 4445L €-44 <r 5a-§-*14£ 34 44(330,340)4 £33 3«H4 4 

4*171(120)4 4 914(110)4*1 ^3 44. 



44 44(340)4 43H 2:4471 34 444, 12007113 44* £44431, 444 0.2mm3 3 3 4 0.28 

S) 7 ^s. 7}^!4. 44-8- 44fe «fl4^*, 3^£ f-iS.43 Ceramoptec Incl 5.4*0 444 =±:. 0 _^.S.43 3 

44 4 44. 34 44(340)4 4 507113 44s 3434 2 47fl nf-(401 -424)(£ 4)«.s. 4213^, °1 ^4(4 
01-424)4 -a 4 44(340)^^ % wmsm- ^ 4^1 (320)3 43 44 ir3H4 *1^ 44 44(30 

8H4 °J*j4 4^^^ ¥4 44 444*1 4^ 4*1 (320)3 444 44 44 , S C >144. ^144^ 44, 44 44 
(340)4 7>4 44*11 4^ 4*1 (320)1- 34 ?fli^ t^°il4 *W-aW ^^4 4 3^4 £^ Afls# 
44*11 4*11 44i ^*14 ^^4. 4^ 4*1(320)3 ^3 444 43*11 444 5^4 43 44(310)3 

^o^^i jf oisfl ^3fe ^-44 (300)3 44 4i^ |fis ^4. « 0 >a> ^^ (310)fe 4^ $4 o.s. 4 ^4^1 
4443 3*« ^ oj4fe £44 $4. c|« #<H, ^-frfe fi.4 4 ^1^3 4°^ 44(340)iL44 4 34 
3 434 44s. £34 4 Slfedl, 444- 4 443 4^4* #34 43 444 4^344. 4€- 4s4. 44^ 
44 44(330) 1-51H4 «fl*m 4£ 44. 24711 af-(40i - 424)3 444 4 SU 3 47-14 3 44 ^ 

44 444 3 434 3 34 ^43 444 4£ 44. 444 afis jz.* ^iUr 4*14, 4^444 4^1 (304) 

3 34 <a43^s. hB34 4 44. ^44 4 <a4£S.43 £4 3-4 4^ 444 €44^4 °J3 4#4 4 
^4 4^-oUai 03433 4°fl 444 34^11 4 33] 3^1333 44, 44 3^1 ®* ( 32 o)3 7fl^^°ll 

4 3l43°fl ^4 44(340)4 4*14 4 444 34 444 44. Hi, 44 44(340)4 43 44(310) (£33*1 
&4)3 M)4i 44334, ^3 44(310)3 €a 43(320) 43°fl u fl*14 454°11 444 4 44. ^3( 
320)3 44(340)3.^3 44°D 3*11 ^44 44^ 4?13^ S44. 34 444 33*8 ^Bs.7V 344*14 
£ 443 2.34 43 4711 43 3«H4 Teflon R 33 = s. 4444. 



iffls 4*1(320)3 43 44*114 4X4(308)4 «a 4*1(320)3 4 44 443 4 io£S ^4 44(340)3 4 
3 444 3^44711 4^ 344 44. ^144^ 44, 3^43 3*34 ^44 4^ 4*1 (320)3 4 44 34£ 
a 4Y34H -§-34 43£S. 44334 44 44(340)3 4 4°fl 3sfl 4 10£S. 3*34 i44 ^444. £ 
€■ 344 344 43 s:4£* S33 3*114 ^43 44°)1 344 4 SI4. 34 3443 42 "fl^ofl. 4 
34 44(340)3 44°)14 443^ 4 s*3 434 €^ 43 (320)3 4 44 443 4 15£S 3*33 44. 
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^^■^7l|S-5] ^-2001 -0071775 
44 4471 (300) 14 44(310)4 4)4(304) 44 43-^ 44444 44 4-^4 40.34 4*4^ *4 

4441- £444. 144 43 444# $44^ a^(304)«- -a-ft- 4^(340)2] 44 n 44^4 444 

#4 444 403. Aj^g^ 40^ Ri 7^)4 4401)4 44 ^ 4a)£4 445=4 7 r ^l 4^)4 T.fljS.44 oil 
##4, 14 ^(310)7>iE)iy5l|i7j-^.ol £01)4.3-4444 S^( 30 4)-& 8- 16 444 4£ 444 

&1 444 444^4 44 iflJjLf. <gp>^V ^ ^QJ^4 £444 ^O] Jl 44 44,2. 7^A]?)£S 34 £ - 

44 7 r 44°.3.4 %444. 2, 44 444(304)^r 4444, 44, 414 £fe 14 44(310) xfl-S-l- *R4514 
4*4431 414 &4 444 7)4^ 4^ 4444. 34 444 S.4(304)ol] 414 m^j SV^^S^ 

44 4444:2 4€- 44-°-3^ 44E» 4444°.3.4 4444. ^4 ^^ 7 ] ££(304) 0.3. 

44 43H4 4 + (3 10) Si t34» 44 4444 4514 ^444 (specular) 444 444 afl 44^ 44144 
£, Ol 4*)o|4 4 n)=l*4 ^444 7^AS£ 444 4 o)^ c)f ^oflAi, a.4 ^0J £ 7]. ^5)37 Jr^- E 

1 ^-3-4 ^°1l7.i 16 43^- 444 £4 7 }^-o] 444 ^£ 0)4 



^* 44(340)4 14 440)) a1 cfl^o) ^ ^ ^ 44(302)* 4444, 4 i 6 ^4 44 a 

S Srl444 934 14fe ^7|o)) 44444 £-3(304)^ 434:& $<L3. 4444 ifflS 44(320)4 44 44 
14H4 W21 Ai)7 , # -C114J7 447I 43 44(302)21 Wo]] ^ S t^o} 44 44 * 7 f^£S 4A>7) 14 4 

4(302)4 1144 414t)1 9} 01 444^4 44. 44*44(304) 4)4°IM 1444 440) 444^ 44 4 
4344. ^44, 44 44 914 44 44 4441 44 4£44-&4) 2)1444 441 9!£ 44 €47] 

(304)oi]4 44144 41S-44. 4 si4 (10 ) °sL44 aj44 ^^o t 44^ 4 o) 4 ^ o,^^, H ^ uw « ^ h]. 5^-31 44 
*44. 444 44fe 444 S4(302)4 °J ; a4 43! 3.^$ «D44 4sl sg^4 °14^ 442) 4# 47M 
?14. °1?1 444 43!(oll. S4)^s. 44*1 ^1444 44^4 4^4 4^21 4444 *A4 4^1H1 rflsfl ^4 
^4 ^714^)4. 



^1^(306)^ 4471(300)21 44 40.3*1 A)4si£4 44(302)ofl «l)444. 4 ^!s(306)^ 4^4 £^ ^ 

m 44^1 Sii S- 10 Acrylite R 43l #^ 441" 2] «144 ^^4, ^4^4 4<>W2l CYRO Industries, In 

c.oilAi *)i44^r EXP-X724 44 4^4 431, 444 444, -44 <S4€ 444^, 4-8- *§444 444 44 
4^4 71-4^ 444 7|)s. 4 t.Hs.4 l^^l^ 41-444. €a(306)fe 4 4 s^r 4 ^0)4^ 4444 44a> 
(" Am-) €^ 44(320)oil 4 oil Jl44^r ^14 4-8: ^ 44 4^ 444 7>44. 4 ^(306)^ ^34 4 

4(340), €s 44(320) ^ 444(300)4 41- 414 444^ 44 ^.^444 4444 ^£4 «2) 44 
(310)4 41^4 4^4. 



i^l€ 41s. 444(300)4 €4 44(302H «1)4« m. 44 1^(306)^ 4314 ^444 444 4 $14 ^44 
^!^(306)fe ^1^ 44(320)4 «4 44 aj 4 44(340)4 44 7>44oll4. 444(300)4 «4 44(302)4 ' 
4444 »H4444, 444(300)4 44 44(302)4 ^ 44(320)4 «4 44 444 S 0 )! 41*11 t ^ 
4. 4 8mm 44, ^±4^.5. 4 imm4 444 4444 44(340)4 44^14 44 «D44ji ^4 44(340) 
4 ^4 444 oj^afl afr^M. ^444, 44(320)4 ^4 44 444>H1 44 44(340)4 €4 444 5=- 
444 444* 44 4 £U£-4 44 4^^. 44444 bva}4 4447) ^} 4^4£4 44. ^4 1-4 44^ 
4 444 444fe 4314 44 444 7J-4401 4^4^01 21144^ <= 4a>«4 444 4ojs^ 7 ] ^^44' Z144 
444 ?!^S44 444 444-& Raman 44 ^ ^444 444 41 4£ 444 7>4^4|, ^444 Raman y ' 
4 £^ *§44 44^& 444 4444 4^ 44 «ffln 144 447H1 4«fl 4444. 44 44(340)4 14 4 
43.44 4 14 »P1444 44 44(340) 14 444 444 444 ^44 44 4«B4 ^^^4 444 
444 a^4 44 ^ ^ 44 444 444 444 1-3.3. 44. 




£ 5^ 44 444 (300)4 44 444 (304)» 444^ 44l£4^, 444 444 4444 4444. 44 4 
44(304)fe 144 4 65mm4^ 4 25mm4 4^4 7>44. 4^- 41(340)4 71441 14 444 4* (5 10) 



47))44 s 2 ooi - 0071775 

°M 4-2-4 44(514) 5, 44(520)°114 4-2.5 44(524)°1) 4*11 44\H 34^, $a 44(320)4 44 ^ 4 
414 444 514 4444. 44 44(512,516) U A 44(522,526)-2-£. 44 444 ^-fr (5 10.520) 3 fcJMH, 4 
4 4 545 443 4^4iM ! -4 nfl^ «*$o.5. 4444. 44 £44 (304)5 44(512.516.522.526)4 tti-S 

*44 ^5°.s. 444 443, 444 44 44(340)°!) 21*11 4*45 ^*fl 4 ^454 444J1, 

4471 €4 44(302) E5 444 444 E)-7J)^S. ^4 £444. ^-^(514,524)^1 2)sfl 444 4^4*1 9*U ' 
$45 4£4 444 7fl5«ll5 **>7l 44 44(302)4 S13*H 44 7H #4 4* 4444. cH454 445. 44 

7] 44 44(302)4 7)444 ofl a} <g« %#o] 4 ^(530)4 Jgfl* 44 nfl 4 7) (S4 $£)4 4 ^(53 
0)4 44 3§^-§. ^£1, e^-tJI (ofl_ sz])o £ £.£.3 o. a 4444. 



44 444(300)4 44 44°1H ^-§-slfe 44 44 44 ^^4 *s.fc 44 534 44 4 4711 444 4 4-£4 

4«!44. <« 44, 4*11 344 2H47I 44 44 tA>7l (300)21 4"§ _ "S" 337nm, 380nm S 460nm°fl4 20-50 
mW 134H jfli^ ^A>7l $4| 44(302) 44 gej* $4. 331 f-4 44-g- ^4iAl7l7l 4| OH |iL444 

4 lOOmW 444 4-g-*!-^ 447) <r $14. #471 (300) £.4 3 ^4 €1-4 44 ^44 4444 21 

sBH 44 3^ ^4 40.3. 4 3004H€44 f-444. #4 444(300)5 s^-Hl 4 4 444 2101 
4 45<4 444 s*l 21 si-g- ^it7>4 ^ f-sj-g- us. 4 544. ^44, 424 44i5 4 -g.ej.g- 

^JS-S. % 4 <^7H $711 4 -§-£i A)-g-£|^ « 0 U1- ^131 ^ Aj« 3 Alaj^ - o|4 



4 444 



£ 64 444 €41 4-f(302H4 €2.(306)4 7)45 ^(320)4 44* W 44>d £ 321 
^"4 #471(300)21 ^^io)4. 4*1(320)4 4*11 €^(306)* a>-§-s>^ ^afl-fl^^ «a 4*1* ^^4^^)], 
ol 4-S-4 44. ^1^(306)^ 25.4 mm 2l 3)^, 4.o mm 2l ^(€2, ^•^■i- 144 ^44). ^4^4 

44 fi^ 4^ °A, 91.69mm2l efl X4 4^^- 7Wfe ^4 4Bl7> ^^0)4. ^1^(606)^ 19.0mm2l a)^, 11.4 
mm2l 24.47mm2l $41 S4 4^ 4 16.49mm2l ^41 S4 4^* 7>4^ BAF 10 4^21 A^SJ-, 19.0 

mm2l aj^, 16.49mm2l 441 S4 4^ 4 131.65mm^l ?4 7 >4fe FD 104 SL% - 44 44 

4 4* 4HS"llS(acromat)ol4. €^(610)^ 12.5mm4 4^. 2.0mm4 ^^1. 30.83mm4 44 X4 4^ $ 2 
3.47mm4 54 X4 4^4 7>4fe BK7 4^14 ^-4 ^4. 12.5mtn4 4^, 1.6mm4 ^1, 23.47mm4 44 S. 

4 4^^ 69.20mm4 54 &4 4^4 7)-4-c- SF5 4214 -2.4-44 -2-^4 444 MI^eIh. o)§ 0j.3s.Dfl ho] 

4. ^^(614)c 15.0mm4 4^, 6.3mm4 =11, 17.97mm4 44 £4 43 ^ 11.20mm4 54 X4 434 7)4 
4 BAF11 444 44 J3.^4. 15.0mm4 43. 1.8mm4 4*11, 11.20mm4 44 5L4 43 4 85.31mm4 54 S 

4 434 71-45 SF 10 444 £4-44 -S.^4 144 °14 4HS»>l|eoicf. .$2(618)5 SSS(614)4 4^4 1 
44 44 4H3.°flHol4. 4f-tV ^3t)lolAi (608,612.616) % #$4(602)4 44 4-g- ^-2:44 €2^(606,610.6 
14,618)4 ^7>4< > 11 4442 44-a- 44-2-3. 4445C11 A^^ji, ^ 0- ^(604)4 €24606,610,614,618)4 
X44 S J4» ^^144 4*114 €24606H ^ 4444. 4^(306,606) 4°14 444 142.50mm°l 3L, €^(6 
06,610) AH4 ^44 11.03mm44. €2.(610,614) a>o)4 3.34mmOl^. €^(614,618) 4°14 444 

l.OOmm^H, A d4 44(330)4 444<H14 4(620)4 €2(618) aH4 *7J:* 3.00mm44. €2.(306) 

4 €2. 44(320)5 4^^-S. #a>7] (300)4 44 44 ma 4 imm4 4S44°fl ^^^l 4^<H4j1,-4 d 14 
AH^-i #01^ f.o> ^ £ 544 44 4*IW 444 44°^ o)ni?q ^0.5. 4^! 4444 244 4^ 
£4 % A J44. 444 4(620)°D4 444 aj.01^4 44 444(300)4 44 <$q 445 4 6X4 jl, 4a> 7 1 44 
44(302)4 4^*11 444 a 4 44* *)44^4 444 ?H44(330H4 444 ^4 4<H14 4 f/244. 
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^71143 42001-0071775 

44 343 ^7} 434 ftf 6214 44 434 4431 44 #47] (300)^1 44 334 *1144o.3.3 3 

-8- 44(330)3 34 £4°II4 ojn)*) 34(620)^343 9143 4444. 5144 33 4 3Lt= $2 a 
4 #±2. 44434 44 443 £4(304)^3^3 44 444tt 34 4,0. 33 7}*} 43 °-3 4*344. o) 3 
*1(320)<HH 4*114 434 44 44(330)3 443»113 ojDlxl 3(620) 33 43(621)34. 43(621)4 33 
ol 3.9mm°li! -a-8- 44(330)4 4.0mm 2 34. $2(610) 43 cf^- 434 4J9_ 44 33 4443 330.343 

4-E- 9144 4* 444^3] £4334. 



4471(300)4 $2 4*1 (320)2) -r33^ £ yofl 444 o)cf. 3433 34 44(302)°114 $2(306)^ ^144 

4. =l cflAiofl ^2(706)71- afl^slfeU]. 33-g- 3-47) 43 44(302)343 5.44 StU $2 4*1(720)4 4 
34 ^4 443(304) ^4^1 4433 44 44(340)2) 42) 44°fl4 lmm 3333 $14. 4-7} $2 s&^r 4(7 
07)4 $2 4*1(720)2) 43 ^-4»fl 434 4*f| $^ 4*1(720)4 4^14^1 447V $2. 4*1(720) 71)^33 33 
43 SE^r 44 4*H1 433 4514 4*144. 4421 344 44 433 3 4^ 4314 5.44 4i°fl4. 4471 4 
2) 44(302)oll4 £4*34 7>*1^ 4471(700)^, 34 £33 43 44(310)3. 3344 ^ 34°11 £4 44 

3 :a33fe 34°) 514. 3 ^3«H4. $2(706,707)4 4*H $2. 4*1(720)^ 4e)l$33 *a 4*14 3343 
$34, 444 44 434 44 4 514 44*1 434 4 434 4444. 4471 (700)2) $2^ 444 4 

4. $2(706)4 25.0mm2) 2)3, 2.0mm2] 4?1]($2 4^1^ 4 44 44 4344). 82.97mm2] 43 £4 43 

3? 76.20mm2) e4 £4 434 7>44 .2-4-44 431 $2,014. aei4, $2.(706)^ 44 4^4 33 ojo.7) 

4 4^ 34 45L4 4^ 451 44. ai 4 (707)4 20.0mm2l 334 3.0mm2l 4*fl« 7>4^- 34 434 433 
o)4. ^2. 4*1(720)2) 41- «22) iaiH44 4*114 $2(706) 433 433 59mm°l^, $2(706)4 4 
(707) 433 433 lmm^H, SL5. 4(707)4 $2(606) 433 433 80mm°14^ 34 *H34^4 $2. 4*1 
(320)2) $2 ^1343 ^-444. $2 4*1 (720)^ 4471(700)2) 43 44 M}4°113 4 2mm 43°fl 2.33 
£444. 4 23 344, 4313 4*11 344 4-HH 34 2:334. 34 2:34 444fe 44 443 (700)4 *)I4 

2H J1343 3*113 3-g-S)^ 3 #3 £ir 342) 3^ n))§.<Hl £3 ^.a(3 10)S . ^o]^, ^12 4*1(720)^ 4 

7j) o)n)3l. o) D )x) 3 4 (620) -HI 234 £^-£4 ^344. 0 1 D 13 3 4 (620) -HI 4 °H3 344 44 443(700) 
21 44 3^2) hi ^ 4 6X0I Ji, 443 «2) ^(302)4 43«il 344 2.3 4*14 «1 44 4 45=4 444 n 

oil- 912-3. o]v]7] 3^o))Ai 4 f/2o)4. 



9144 44 4 7))2l 4-9. 43°fl 2)«i) 44 44(330)2) ^4°fl4 °l n 14 34(620)^.s.4el 4444. $2- 4*1 
(720)<HH 43 4 44fe $2(610)2) 43 S4 2)2) ^344 °)34 6.4mm2l 334 7>4ji $2(610)21 ^2) 

S4-°-3.4E) 1.00mm 0)35)01 ojc]-. ^2. 4*1(720)<>1)3 4€-434 A ^4 44(330)2) #44°)]3 o)n)3 ^(62 
0) 21 fi) 3 ^1 tl 43(721)4^1, 0)3^- 3.9mm2) 334 7>3^ °1°13 34(620)-°-S.4El 2.00mm o)3 m|)344. 
4 434 9144 44 *W44 ^««3 444^. $2 3*1 (820)^ ^sfl^el^ 6 ! $2(610)2) ^2) 

42) 434 f- 42) 4 434 434 4344. 



$2: 4*1(320,720)^14 434 3^44 ^14 44 S44 ^44^^11. 334 0)44 34(620)^-5.43 444 
44 7))«ll444. £ 84. 443(700)3 43 44(302)4 434 44 444 (700) (5L 7)3 $2(706)4 44 $ 
2.3.^-3 £44 33 443 333 34(620H4 443^ 43(721)4] 3*1) ?ll«1143^ 434 44M14. 43 ( 
721)3 ^4 44 S44 443(700)3 4 4°11 455LS. 3433 °J4. $2(706)4 4(707)^-3.43, 4€- 
±.2.^3.43 $2. 4*1(720)4 4443 #35lji 4 43 4^3 ^34^ 444 44 44 443 ^ 33^4$ 
2» 443 43 5 $^- 4*1 (720)4 34 71)^33 vfl4 44 33 34 443 443; 4 7113 4tfl 44-°-£. 45 
£ 45L3 3434 a4°ll 3*11 2^1 443^1 $2 4*1(720H4 4444. 



4 43344433 44 
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44£47l(224)i4 44444 4°1 4 4371(210)3 #4<33 4r.S.3.4<gS|4 3-4 447] (224)2] ^ 

4 4 433 (210) (£ 2)2] 4^444144 3*H ^*7l-|-«4o> ^4. oju)-a|o. s # ^71(210)3 44 
o. o^.^.^ $35)84 nfl ^Ti £43(224)3 ^t^t 44*1 *34. 443(200)3 gJ) slTja. 

4 «i7)] °334 -t ^ sat-s 7>^?v «: a>n tt t£ #471 (200)21 #t °§3 4^5 ^-8- 44 

Al?U ^4 443^4. 



34 £43(224)3 3?3 # ^33 (210)21 % ^% <&$7fl $14fe 34 344 44-° S ol^o]X|ui ^ 5fl 

4. 443 (300,700) 21 43 %a>71 44(310)4 ^3 443 44(316)4 vflJM 444 ^ 43(320)4 

<&m SLS. 343*1 4 5a 4. 3ife 43 443 44(310)4 e3 #471 ^4(316)£ ^-ej^ol 3-133 ^ jafeifl. 

43(320)fe S3 Bj-A]^ ^(316)21 444 ^2: JMM 21*11 vfl^-oflAl ##*] Jil^SU, 43 44?1 44( 

310)* ^3 D-471 44(316)3 ^ 4*<li4 4443 '5afe iL^H^ 4434. 



4 4371(210)4 4(240) 4°H4 444 3b3 33# 434^4 ^34 71-i-o^o): ^V4. o] 715]^ 

Soil 21*11 33 l^^U. 344 3i3 33^344 4^ ^43 3^ $ ^14**M Si31 3^*1 *H^33 <84€ 
4. a. €21 #44 44(310)3 fe3 #44 44 (316) °1) 4 4443 SUfe £+*y££ 44s. ji^su $ m=s] 
4a>4 14*** Til if-4 44 344 #45. jL33fe Tj^on £ $ ^ei^- 7i7||^o.a 214. 444 ^44 
4444 41%* 444 4 5U4. £3 4e|fe 444 4^43 3*114 ji^3fe ifla 433 «i 313 
7-1)4*1 434H4 4 433 (2io) 4^-5. £^ £3, q-Af $ #ifl^# f-##o.s.4 tt^^s. 4if 4 5a4. 34 
4 £3* 4^43 34 3 E d 3#£ 4*11 £°H 3333 4^ 44 444(200)4 411 444 4 44. 



4(240)^14 443fe 42] #<a#4 4443 ^44 43 4fe44, 4 433 (210)S i-«H7>fe 9144 43 
7)13344, 444(200)21 # 4^1(222)2] ie]^ cf^-ofl ^sfl 4^4(210)(£ 2)» 4 44AS. «1)314 
fe44 44fe 4-4°fl 44 44 4 44. <■!)!- 4<4 4 4^^1(222) 2] #2] #^-^ # ^^7l (210)21 #2] #^-s] 
^4, 44 4471 (300)<y ^4°H, ^4 3 £fe^4 4°fl 4 S14. °)*14 4(240)<H14 4#s)fe 43 
A j ^ 44^°1 ^44 44 4xr44. 44 4^4 «H 4 43 7l (210)<H1 44^ S>.z. 4<^4fe ®^ 4(240)4 4 
4£^1(222)2] #3 jg<a 4 C »14 *<H1 ufl^ll 4 44. 7)7ilal ^.4. ^ ^lH47l 3*11 4^-s)^ ^a. 
(306,706)4 44 sS^fe, 444s^-e1 44 4°1 ^H444, 4(240)4 4 4^^11(222)4 43 #4 ^ 

Al-olS) £^ ^o)) «))^# ^ OJ4 



4 4^^1(222)3 43 44 4<H1 «fl*14 ^^fe 4 4£^1(222)S.4e1 43 ^44 444^-S.^ 9!44 44 4^3 
-^144. €S7f # 4£^1(222)3 43 44 5 4 4^7](2i0)3 43 44 7>4°H1 «fl*l« ««, 3«fl 444 
4£ 4 437](210)3 44 444°fl 44. ^^4, €^7> # ^^7l (210)3 43 44 °A 4 4-£.*fl(222)3 
43 44^.4^1 nfl ^)ao)) 3«i) 443fe 43 4444 4 434(210)3 44 ^4°fl 4^ 3 

i3 ^Eflo] o)si 5l4» #ol7) 3*11 ^2-1 7>3 7l#ol 4-g-£4. f-o^, 3#A}(" A/R" ) 

444 4 44 4<>l7l 3*114 444 4 44. 433fe 4°1 44 44 4€- 44^5 «144^1fe 4<>114, 4 
43fe 44 43 44 4°l7l 3*114 44 444 444 4£ 5U4. 



4^4(i.£ 13 4^4 110)4 4 447l(oil. £ i3 4 4*l7l 120)41 4 4^^1(222)4 4 4371(210)4 <a 
443 34 4443. £434 3-B 4^4 4 2J4^43 4 4^^1(222)44 44 44 44°14. ^^14. °1 3 
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e «]•§- 4^1 °ii-§-<hi, 4^- ^ spj -g-ti s.4 3444. cf = 35. tg-^ 4a>7h 44 ^44.1. 

aWHt 3°J4 O^H ^- ofl^^-S^E) 4Hl4?)H-I°] 4444. o]^^ £.33 ^0)444^0.2:^ 4-E4 4 

£*)i5L -l>i-^^ ^ 44. 44. 4 4^44 ^4 4^ 444 4 sacf. 4 ^ 44 a <h °i 

jz 4^4°ll ifl«l «l-§-'S 0 fl^ 42)4*14, 4 4*l7W4 £.44^3] 7V4 434 51444. iL4 7144 44 

71 4 434 #<M*M 3*1)4 t47lofl 39- 4*1 ^40] oflx] . 44 ^^Sflo): 44 <y^tV 4 44 ^44 7| ia> 
4 tt»J|+«l ^Oli^Olo) 4^44. a 4<4 4 440) ^-^Sf^ 44 £44 7^)5). 

S 3347) 3Sfl4 4 4*Hl7fl 4^4 ^S. Dfl Bl 4-§-§f 7 ] ;*H) 4 4*]7l4 4?fl oflx] . 4 4*\ 

44-2-3. 2.1-|E1€4. 4"§-°fl 2)«11 °>7l£]^ 44 £3H) 443 4^4*0 44 <£4 43 Tj-^lf- 3g&_7\ 

44. 



<a3l-§- 434 44 U-47HH 4 44 * 4^ 



-°-<3 43 7> 4-S-4 4H°fl Cfl«fl, 44 447)4 4] 2} ol^KHl 44*1 AflA^t 4 44 <^S)1^ l^OS ^3714, A-fl 

3 SH a!144 4 4 &4 3^4. S7>2] A344 7^1^ 4 ^ o. s ^.g. % ^ o}^ 444 

£444 T" f*«S «>l^-o1^ ^^5)714, 443 <g$ A]--§- o]jfio| a)j7]SU 4^434 Aflfoor ^44 4 

31 -8- 44-°-3- Ha)1£14 J2.21 ^3)4 444 44*1 7)14-8-4 4 &4 44A5L ^4 4 H 9^ 44*1 a))44 

4 jttfe 44(900)4 44(910)4 7>34 44 ^Af7l# 44\fi4. 7flA>^. ^§-(900)^14 
^«-(920)* 7flA>^- -¥-§(900)4 6 i?i-7fl Tglt n)) <a^^ ^-§(910)* »14e1°fl ^4i# ^^-§- ^(910)^1^ 

$W <ai7i- Aj^-(9i2)4 $#^4. 44 s^t 1 , »ll 0 Hy 3.^7-, diS.^o] = , 4t ^ hi 



£. 10-& £ 20-23i 44\fl 5!4 7 ^ "9 ^-8- ^4 ^>7l ^1 ofl aj^-^v ^4^. ^ ^ 

^"4 t47l ^£(900)^1 if - 44^4. Aj- 7 i ^-a)-7] (900) fe, 4^(330,940)^1 ^»1S|JI ^^71(950)7} ^ 

#t JUXI e^l 4^(1016) ^ «fl fc+(1010)» a^-*>fe 4^^'^- 71-^14. «fl 4^(1 

010)fe -M^cl^ 0 !^ 4 18.5cmSl ^cl* 7>4j1 €^1 4-?-(1002)ofl^ 25mm^ 7 >^H, 1010,1016 Jf 

^<>lfe 4 28.5cm<>14. €4 4-^(1010)4 e# 4-¥-(l0l6)fe 44s <ai5l44. -§-^5)714, 14 
5)44 €^ = s. jz^ai?j 0.S4 44^!47fl ^114 °a^l^ £fe €-214 ^ 5U4. e^l 44(10 

16)^5^1 44(1016)5.45] 4 1 9cm <H & fe£#<>l (950) #^-8-4:2 ^-fr 44 (330.940) * ^ -§-471 
^44 ^cfis. ^44. 7flAV^- 4 t 51^ 447] -¥-4(900)-& 4314 ^es, 4S.-8-4 ^4<H1 4^} ^ 

# ^14 ^^"fl 447l(300)<H) ^44^1 8** 7«s^4 4M4 447l(300)°fl ^44 £€• Afls.# i4«fl 444 ?)) 

S.7> A^l ^ OJ4. 



7l|7i-§- 4 ^ 51^ 4Af7l ^-§.(9oo)-a- 4 ^^71, igs 4*1(720) ^ 4471, 4 4M14(1020)1- £444. -?4 * 
47lfe "ysi-g- 5L444. 447l(300)°)14 ^-S-(340)4 4* -a-R-s. 41-014 4 4£^)lfe- 4 4^4(1020) 
cfl4°ll 4-8-1 ^ Sl^-44£, 4 4^4(1020)^ 7flAi-^- 4^4^ 4a> 7 1 44-000)3 4^1 44(1010)# ^1 
4A7> 4?!cig^s 4i"H7lAi, 7flA>^- 4^o)^ 4a]-71 44(900)°fl 444^- £ 20-23^1 ^3-8- 44^1 
^14* 444t11 44. 4 4^4(1020)^ 44 447) (300)»)14 4-8-47H] 3444. -84 44(330)^- ^2, 4*1 
(720)°)14 e^l -¥-4(1016)^1 «114^- f-4^ 34 o-s. ^°1XU. 4 4^1-¥-(i020)fe 44 44(330)°1 *44fe i!. 
4H^4 4«144. £, 4 4M14fe 71^-, =5l#^- s^4^ -§-4 4«41 4 $a^i, ^2, 4*1(320)^1 

4454^1 4 4M14i^ **1* 44 °1 44(720)4 444 ol4*l 44 4 A d4 44 £fe 44^^ oH*] 
^4^s. ^4^4 44* 4 44. 
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4*}%- 4 t 1 flfe #471 44(900)43 * 4^14(1020)3 4S 43 (720)fe 433 31. ^ ^44 4* 4^ 43, 
4 4^4, 44 Hill 9! *a, A <14, * 4^143 l^-*fl7> 4-8-1 4 5l4fe 44 334. 4* 43, £ 114 
43 44(1002)71 43 5U €a s±r 4(1122)3 4^ 43 (720)4 44^ 3!^ 43 (1120)3 £44 £4 43 
34 ^4-8- * safe #471 44(1100)4 44\»4. 



4 4^4(i020)fe 43 71*3. 4^4 4 514. 4# #3, 4 434 (i 020) 4 444 434s. 4*333i, £ 
12-194 44^433 4 A J -a Si 3$ 4 43*3 444 #4 44*3 4 4 6 1H* £44 ¥ 4*£.s. 4^333 
4 44^ 4 33£3 44 44*J.°-3. ^liS 4 514. #e]14 4^ 44 14 444 4343 33444 3 
44 34 7fls.7l- 34 4 aVA>s. 4443 344 4-8-su, 4 435. 444 4*3 5U jiafl -8-4 434 344 
°J]sfl3. 44^ 4 514. 344 °J3444 3-4 333 #4 44 % 4z^ l^H sh 4 #43 £44, 4 
S^H* £33 34 44 4°H ^34 4*1* £444. 48- 47> 7 1 (300) 4 4 44 44(340)3 #-¥-471 4*1 
34 411*33 ^a.4 jibI^ 0.3 443 % 434(1020)44 4444. 




£ 124 4 4344 4443 344 ^4ig 44(1400 SL4 1700)4 444, 4 44^-3. 3^0^ 4 4343 4 

44(1200)3 ^-g- 3471 4 444^34. *]43*3 44(1200)4 4434 4(1202,1206) 344 5.4 
€ 443 ^34 23(1204)» 7>34 443*3 4 43433. -343*3 44(1200)4 129.5mm(5.1043)3 4 
3* 7>44. 47l S3 (1204)4 20.0mm(0.7874 3 )3 44 334 24.0mm (0.9454 3) 3 34 344 7^2, 
44 ^-oHl 434 7l<£-|- 444 7}444. S3 (1204)4 0.25 33 0.43 444 *344^4 343 44^ € 4, 
9144 44 4343 344 44^ 240.3. 3344. 3^4144 4s.3-44'3 43.4 4334, 44^113 
4 433 e|44 435.433s * ?1353oh 3^3 ^oflE E)ia-&s,4 °Ja5L^o]Hls.^. xf-si), 

iiS.4El °l-8-4 4 514. 4t- d 14 4(1206)-8- 19.0mm (0.748°J*1) 3 1-H44 19.9mm(0.783°J*l)3 341" 7> 
4uZ, 4(1202)^: 24.1mm(0.949°J*l)3 Ml^3 25.0mm(0.984°J^l)3 3^* 7>^14. ° a v ^- D 14 4(12 

02,i206)-& ^ 4Hl3i, ^efl^ °1^4 3.^°} 4^344 44€ ^ A 4 (1204)3 #4fe °i 

434. ^(1200)3 fe3 #4fe £ 134 444 $14. 



£ I5fe 4*11 < a7Vf-47fl 4^^1 7}^ 7144 4-8-sfl 'J}* 0 !^ 7>-B-«J 44 ^34 4 4M1^-(1400)3 44 4471 4 

^ 4-aSo)^. 7\^% «.H.( 140 0)^- 45.7mm(1.8°J3)3 7 A°\* 4U, °J4 ^ 443 A/R o]^^ 

4(1402) ifl^-4 all3€ °a^^l €2fl^ 7>-§-, -§-#^ ^el?)- s<H (1404) # 5.444. 1-211 ^01 ^<h),so1(i 
404)fe ^14*1 3*14^ £^ 7>^-*ii, 0^3^- 4(1402) M144 4°d44. 44(1500)3 €3 44471 2 

<H(1404)fe 20.0mm(0.787°J3)3 vfl44 24.0mm (0.945°J3) 3 34* 7>*U, ^3 44471 4*11 4 4M14 5£ 
fe 4 A d4 ?llol44 44 ol^-t^- 8.0mm(0.315OJ*l)3 ^1^* 7>44. 1408S. 3-3^1 ^im-Sr #4 4t(330)(£ 
10)ol 4*1£4 7l-fr*J 44(1400)4 4344. ^(MOS)^ 15.2mm(0.60°J3)3 334 27.9mm3 £3(1. 
10°J3)S. ^5)3, -*f^-(2000)3 S3 443.-^3 27.9mm(1.10°J3)4# ^°14 4344. 44(1400)3 43 

44fe £ 144 444 °JU 44(1400)3 ^3 44fe £ 164 444 514. 44 (1200, 1400) -8- 34 "33 44 4 
43 4£ 344 3# ^ 444 A/R 2U4 7R-sfl 4444. 



£ 18-8- 4*11 4°H ^-44 71-^- 7|~g-sfl 334 44 434 7J43. 4*34 7f-f}-*3 44(17 

00)3 44 3471 4 ^44^34. ^ 2 47l)3 «31^ 334 Tj-fr^ 7>-B-*J 44(1700)4 *J44^4 443^, a 
33^ 3-**J ^-4(1400)4 4°J44. 43 44(1700)4 4434 4(1702) »A44 4^44. 44(1700)3 4 

3 44fe £ 174 444 5U, 44(1700)3 e3 44fe £ 194 444 314. 44(1200,1700)4 34 0 ^3 4 

4 44 % 448- Am 2^4 44 344 3#-g- 4444. 
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£ 14-19°! 444 444 4444 42:^4 44444$ 44 (1400,1 700) 414 5L4£44 aV4£ ^o] %<gt\ 
4 440.3. 444£4 4444 444. 2^, 44 44 4444 44(1200)41 21*1) 41444. 44 

44 4*§44 444 4€- 444 44 4444)4 # oVvfl gj ^Jf. BffTm i-fH^ 4444 44 4444 4 
444 4^4 * 444 4^4 SOI ( 12 04) 1-BtH 44 44 « 444444. 44444 44$ #4 ^7|* 4 
444 44 44 444 44 44444. 



71)44 4 4 544 44(900)4 44 44444] 0J3}-g- 44(910) (£. 9)4 4471(900)4 44 4444 4 

44:a 43! ^ ^°) #4s44 £444 44 4444 4*11 W^Iji, 44 sl±sh- 44 -g-4 £#on 3^$. 
* £444. 444 -¥-€-(910)^1 444 4-44 444:a. 44444 44 444 444 444 ^4444, 4 s. 
-g- 44, 44^4 ih s4, 4444, ^444^ 4, Ei-DivfloiH r! 3i 44 444 4s4 4£ 44 7)4 4ss 

4*4^ 4 544. 44 Jl4] 44 44 4, 4444 oX±- 4s.s. o]+6\£ a)e 4$ ,j a> jg*. mijs]. 

^Efls) q#4 7)44 44 ^-o. ^ ^ a ^ afe ^ £44^ 44 £4 444 Moii, 

44^4, 444 -a Bl?K 44, 44 4 4* 444 4ls4 44 444 #€5. 4444 4 ^4. *4 44 £44 
"£44 444 44$ 444 s «§4 xfl^oii, <ys}4 444 44^ ijL-g-e] ifl^ofl Aj.oj^ tj.# ^Efl^ 7fls.o)4. «| 
4 #4. 444 444 44$ h «.o| 4444 ^ol ^ofl^ t S^^r ^ oD^l o.s ^# -y^^ 

t= D l-H- 4^1 ^ ufl^^ ^el4i % ^ °cf^ ^^€4. £, ^4 

^ Jl«* 7Wt 4-& ^1^-4 4 °J4. 4«°114 3*13, - ^ 4^^, 

44^. ^44^, <d4 44°l] 44 4^ ^£ Sis °J^4 ^ " C" ^Mfr, 44*8 4£ ^ 4*4 ^Efl2] 44 
*1| % zl 42I 4431* £44 44^ 7>4^ 44^3 f 1 ^^! S^l* ^^44. 



7H444 °J4 4471 44(900)^1 i^sl^ 514 44 fl««4 44(910)°1H a}-§-51^ $5.$= 4*fl 4* 
4 *WHr4 «15!4 9JS14 4421 4 44 4441 4^ 4^14 4«8444 47J 44slfe 4^sl *J4# 

4444. i* 1-4, 21^4^.3. ^44 *8s.fc 4^4 444 44 £444 ^11^4 4^4^ #fl*4 444, 44 
44, 44^4 444 444, 44 5 4*94 4£ £4** *M±3L ^44 444fe #^4 £444. 



£ 20-23-& »144°fl 4S4 444 £44 4 4 7>4 4^4 ^-44 4444. £ 20-& #^4 44^^1 »H4^(20 
08) $H 44 4444 444 43.4 444 44 4711 (2002)* £44^ °J44 44(2000)4 4444. 4(200 
2)4 14°H 44 444^^|, i.3mm4 4 44^ ^ s4°fl -2.44^ 4<*H «41«11 ^444. 4 4(2002) 
4 ^4*114 4°d -44 s^4fe 5344 £€• 444 444 44*11 (2008)41 4444. «il4^(20 

08)4 7flA>4t 4 44 4a>71 44(900)°fl 4444 44 444 444(2010)4 £444. ^4 444 s. 
^(2004)4 44 4(2002)4 ^144] 4444 4444 4 444 4444. 444 4444 4 444 20ib 4$ 
Hefl£H 44441 444 4 0.01mm 4*H4 4444 4 4443. 444444. 4514 -2.444 #31* ^Ss.4 C 

ustom Paper Tubes, Inc.4)4 444^ 9J4. 4€- 44 ^44 4 ^ Efl ^ 4^1* 7>44 4-& 4444 4 444 

444 4£ 5tt4. 411- #4, ^4 44 44 443^ 44 4441 44 444 4£4l 4444. 4 4^44 4 44 
4 4444M14 44(seam)4^^44 ^««4 4444.^44. 44^ 444 44 444 45.444 2)1444 
44$ 4°J4 444(900)7} 44 444 44s. 7fl 7 l4 4444 4414 ^4^444 44 141414 4441 441 
4^S* 4 544 £4 444 %44 4^444 >§44 $44 4444. ^^(2006)4 414414 44s. jl^^jl 4(2 
00)4 "114^(2008)41 4444 441 4(2002)4 afl4o.s.44 44441 44s n444. 4^(2006)* 4(200 
2)41 44 444 44 4# 444 ^^(2006)4 44441 4°d -44 44^, 444 344s. ^a(2006)4 44 
44] S444, ^2.(2006)4 4 4414 4(2002)4 3^44j1, €^(2006)4 414414 44 SS£(trough)4 4 
44^1 ^1^(2006)4 41- 4 £4 4(2002)4 SS£S 34^44 44 £444. 4(2002)4 4 I0.2cm4 444 
7)4 jZ, 44^(2008)4 4 7.6cm4 44* 444, ^(2006)4 UV 4H144. 
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S. 214 «fl4 44 £4(2104)4 7}*)4 444 2]S-g- 4°l2l i*.^ (2102)1' £44tt °JS]4 44(21 

00)* 44<#4. 31^(2106)^ 4(2102)°1|4 H^£4 44 442l el3|oju)ofl fflsfl 7)14e)3. H^Ul, #(2102) 
4 344 £14(2110)1- £444 4^4 44=^3 «1H =±(2108)011 tH*f) 4344. #4^3 «Wi(210 

8)4 €^(2106)°)1 cflsfl £efli Sj«H4, ^r(2102) <H1-H HU£°H cflsfl c^e] 4444. 

S- 224 M)4 £4 (2204)4 444 ^o]s. 0)^0^ ^ «7ll(2202)# £44^ ^514 44( 

2200)* 44H54. 3!2(2206)t7 «1H:±:(2208)4 34*1 31 4 a l ttfl ^13 44°147W 3*MI^ JI^^U. «0 
°li(2208)xr 4(2202)-°-3. 4 3*4:2. 444 44313. Jl3^4. 



S. 234 43 44°fl 444 31^(2306)4 7Htt 44(2300)4 4444. 47I 2)£|4 44(2300)4 ifl4 

44 -£4 £3(2304)4 444 *°1S. o]-?-^ 44 431(2302)4 £444. °1 44 431(2302)t: 344 

444(2310)4 £#4 f-"3€ 44^3 wfl o] ^ (2308) °fl 31*8 ?13 44444. €2.(2306)^ 3l4eH 443. JL 
34-°-3.4 SEfe €^(2306)4 3l4eHl 4°d -713 $444, €^(2306)4 344 34313. 44^°fl =34444, 
€242306)4 ^^47] fl«B4 4(2002)4 H«3 4^r 34 44 31-4 7144 °144°-3.4 ^314 -¥-€-(2300) 
2} €3 44°l] 44^4. 



£ 20-23<H] 444 ^l 44 4 I 6>4 «iH^(2008,2108,2208,2308)fe 3)444 4 4fe #44 44(900)2} 44 
Jlii-t 444^4 4-S-444 15114 444 7}^}jl #^1 3°14. 043 7 >4 4^4 44^ «1H^ (2008,2108, 
2208,2308) tfl4°fl 4€- 3)£. * ^ls 7l4°l A>-g-^ ^ o}4 ; oflf. s-<H, 44 IH^^I 444 4 544. 



£ 244 44*1 2)144 4 4 &4 44(2400)4 "£34 44(2410)4 71-44 44 44714 4444. 3144 4 4 
44 44(2400)4 44 44?1 (300)4 «14434, 3144 4 4 SU4 44(2400)4 4431 3t4-°1 °i34 44 
(2410)4 3142H i^4£4 °J3I4 44(2410)0)14 344 444 444 443^ 444 44(2420)4 £44 
4. 44°fl 7144 cfls. oje) 7H 4# 4 45131, 44 4471 5 4 4347} £ 2431 44^ 434 44(340). € 
47) (304) ^ 3!s 4*) (320) tfl4°)l 444 4 544. <a^4 44(2410)4 4£ 43: 304S. 44^ ^44 4 4 
514 44(2400)^1 °J4* ol44 44 44714 £44*1 &44. ^e-14. °JS)4 44(2410)4 44^ 44, 
4(2412) ^ iL3: 44 4(2414)4 £44^, °JS14 44(910)4 4^ ^ 7Bs.4°114 4444. 344 °J 

S14 444 44°fl 4^5. 44, 4^471- Curtis K. Deckert 0 ljl 19984 24 20°J<Hl ^144 " Contact Window H 
aving a Tilt Characteristic for Optical Probe," 4^ ^1421 n)^- S-g] ^ 09/027,403, 4^47} Peter Mc 
Henry4 Arthur E. Schulze°li 19974 34 2l°i°\] ^} 44 " Method and Apparatus for Calibrating an Optica 
1 Probe" 4^ ^11421 §^ ^1 08/823.044°!H 4^44. 



4^4 °)4 44^ 



44i 7144 43 4^Hm 4^1 344 2:447H 344^. 4 4^4 34 44-4711 ^s, 44-°-^4e1 °l7l 
44, 4 437H*1 44 44 ^ 34eH4 44 ^ tih ill ^o)^ 4^01 4= ^3 43i 3444. 

4471 H7lfe 444 S3 4 £444, 444 1st 44471 44 44 ^3. 444^4 431 4 Si 4. 4 
3121 314 44 43: 44 44 2:44^4 344 S-4 ^44 c14<>1, 4^.4 44 44 4^1 344 4^21 44714 
344^-S.^l 244 4 44. o) 7144 <^4 £4 ^ ^el» ^sfl 43144 ^£4 7 r A^ ojejaflo]^ 
4^*1 44« 4SL $i4. 



44«HI 7J44 43 4*HH 44 44 44-714 ^ 7>4 4£» ^sfl 3^4 44 444 4445L4 4^ 7 r 4 £ 
4 Ifi.* A^s^inv <H4 ^4^114 "13434 44 €44 4 AS. 4 4£ 44. 44 444 43 4sl# fl« 4 
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4 ^ S ^4 £44 334454 44 *%7lS| ifl^^ 44$ »| S 7]-^^ »|#$\2.S*f ^ oj 

4. 4# #4 4 4*1 Hfl^ofl.Ai ^4 7 pJ- 0]^tt ^4 lfl«j°l *j!~g-£ ^-^7) Si^r £4 S^U, 

44 ^31 33 444 44 £tt 44 S£°H, 1-47)3] £4) 7>4 °J34 ^^D)^ Jf£-g- f-^7lolcf. 

4*13 4t 34471] *)145]^ %o\)A] - OJ4 44- tfl-g. ^ 44 Efe 

* 4^47) 34 ft-g- a)44 7fla, 7f^ ^ 4*l] < a444 £jZ 5U4. 

4€i 7|^«- <^el 7M 4*Htt 444 44 H7i# 5.44*14. 0134 414*1 444:2. 4= 44 37]^ 0144 
4 544. 44 4*HH -343 4, ^4 £ H7l» cfll- # 4 OJ4. 

(57) 4? 3 ^ 

444 1. 

44 #4 °]^4 ^£4 44 44 444^ 4 43 44 7W *r 4 4^71; 

4 4<3 afl^-l- 7>4fe 44 ^ 

4€4 4 #44fe e3 443 4 44 4 *d44fe «3 44 4 % 44 444fe 4 4^3 44 44 *4' 
7)s. 4^sU, ^4 ^^-7]^ 4 f-^ 44 3)4* ol-f-xr 3*fi 0)34 4 44 0134 ^4. 44 4 4 
£4 4313 4 ^€<H1 3*fl <£4 H43^r 4 £4 7^14 ^3°fl «i)34 4 4-8: 7Mfe 44 1471. 

^44 2. 

*ll 1 4°11 ^tl^4f 4£ 44 4<HH 444 °14fe 34 43 4^ 44 4471. 

344 3. 

2 441 SH4 4 43 44 4 4<3 44 ^4 447l# f-44^ 444 ^4 43 as 4fe 44 4471. 
^T-ty 4. 

^)1 l 4°11 &*14 44 4* ^44 4^1 444 e# 44* 7>^^ <a^l^ 44 4 434 4€ ^, 4*H 44€ 
44 $471 s. 44 44^1. 

^4-45. 

^1 4 441 Xi<4^i, efl 444 °J34 4*IH 144 44^1 « X44fe 43 AS 4^ 44 4471. 
^4-4 6. 

*ll 1 4°11 Sl^^i, 44 44 £44 43 444 444 7^1^ oi^^|^ ^j* ^io s 4^ ^-4 

71. 

^44 7. 

*ll 6 4°11 ttW, -§-31 444 444 44°1^ ^»14<H^1^ 514 44 44 4471. 

^44-8. 
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5<o 6 4°i sa°w. «^ 4*n 444 efl %n 4 sa>n 443^ ^* f^s 4^ 44 444 

4449. 

*1 8 4i 43 4*11 444 7)144 4 4 54tt 34 4tt 44 444 

444 10. 

^ 8 Jfl°M. «fl 4*11 444 434 44°J 34 ^0.5. 4fe 44 444 

444 11. 

X0 io 4°fl 5tl«H-H. 44 *47lfe 44 4*11 444 * 4^7H 44^U 444 e3 4*11 44°fl 443fe 34 4 
«i£ 44 44 444 

^T 1 * 12. 

*il io 4°fl 4 434 44 « 44 £471 ir e3 4*11 44°1I 44=lfe 34 43-2-5. 44 44 444 

4^ 13. 

*H 10 4°ll $H4, 43 444 44 443 ^ £4 3.^)0.3. ffe %q ^A}7\. 

%W 14. 

*11 1 441 5U°H. 44 44 44 4443 43 44*114 Sl5-*^91 3£ 44 O.S 4fe 44 444. 
444 15. 

Jfl 14 4°11 Stl°l>H. 4 43 44 44 £44* 444^. 4 43 44 44 ^4 £47H «i)*14 44 3-^4 it 
*fe 34 43^3. 44 44 444. 

444 16. 

4 14 4°fl SH4, 4 43 44 44 447] -i 44*U, 4 43 44 444, e3 444 434 47j WH «B 
*14 44 A±4 3L44tt 34 4343. 4^ 44 4471. 

444 17. 

* l 4°fl 4<H4. 44 4°fl u ti*14 44 -8-4l» £44tt 34 43-2.3. 4fe 44 444. 
444 18. 

* 17 4°fl $144, 44 3-±S= ^4 44 34 Wis 4tt 44 444. 
444 19. 

*)1 17 44] 5444. 44 -8-±4 4*8 €^4 34 43-2.3. 44 44 444. 
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20. 

4 17 *<N 54<>H, ^ -S-^fe <?]^ S.^ °ix}v\l= ^Efl2) £<3-g- 7Wfe ^!ir *]■£• #4 U-aM. 

^T 1 ^ 21. 

^1 17 1M Sl^H, # ^ ^ *tf €^"711: f-^SU, # ^3 44 ^71^) ufl*l£ 4-§. #4 
51* ^ 4fe #4 %A>7l. 

22. 

*11 17 4°1] 5a°H, # ^£ 3-4 -S^7im f-44^. % ^ ^-t- 4=1- 5-3 ^4 £^7H afl^l 

4 4* ^» iMfe ^-^^s. 4fe #4 tw-7]. 

23. 

*11 1 4°H $H^. #^7fe 

leWS] ig^ 4*HH 2]%- #7]7\3. 0]V)7]% ^717) ^ z% l^E^ ^ 4*H ^^-^ f^-ft. eft* £4^ 
<5j-§- 4fe *^7l. 

24. 

*1# #7]7l 34 5-4- lefl^^si 4*14 44€ ^ o. 4 ^ 3:44^ ^-fr 4^ 44 447). 

^T 1 * 25. 

* 1 SH*!, #7^71^ HllEfl^E)^ *a #*1 S ^ ^>7l4 44 <3"3-g- 7V5.^£| 4^4fe ^^^^1 

tfl^ii alien-si^ ;as 4*i« 33471 34 4*i# xt^fe ^^.s. sue *A>7i. 

26. 

* 1 4°11 5I<H^, 4 ^^71^ ^4 £47)3 £4 £4* Hfl^Rl 44 °§^-a- 7H^ ^ #3 # £4*H 

4 ^^7i2i 5344 44 43 44011 <tu 4 4^713 a 3 3g44 44 %4\ e^ofl 4-1- f^is 4^ 

27. 

21) 1 4°H 5tW4, ^"^ M o V ^> ^17)S] i§ ^6\] ufl^)^ cf^2] ^ O.S. 4 o.^ #4 3.4. ^ 

^^J-28. 
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^43 29. 

4 1 3i 334 433 4^ 3133 4 £3 £34 ^44^3 4^*3 44^2] 2)^2] 43 3 

4 3^3 43 2]-* 3«fl4^T ZL$<L3. S}±= 43 344 

343 30. 

*)1 1 341 3.0$ 4 33 £3-fr £34^ 3* 43 .2.3. 4fe 43 343. 

^43 31. 

3 1 3°fl 334 £3 £3£ £3 £33 2+ <^^<H1 cfl«l) 34 £34 fl] 4 33 £3-fr £34fe ^ 43-2-3. 
43 43 344 

^43 32. 

»1 1 34) 334 -£3 £33 £3 £33 4 ^«ofl cfl«fl % ^ £34 3*fl 4 33 £34 £34^- 43-2- 
3.43 43 343. 

^43 33. 

afl 1 3°fl 334 £3 £33 £3 £33 £34 34 £34 3*11 4 33 £3* £34^- 

M^issfe 43 343. 

343 34. 

*H l 3°fl 334 €3 £33 44 3-1- £34xr 3* 43 °-3 4fe 43 343. 
^43 35. 

43 34 £34*r 43<§ 33 444 e3 444 £3; 

Ji, #4)- ol^S)-^ Bfl^g ^ sg^4 34?13 43 34 444xr 4 4* 43tt ^2: 43; 

3s 43 1-241414 -g-sfl°il ^slji, ^2 4*13 444 <>14°1 43 44 34^ 3^r 4 4-3 334 4*lfe 43; 

#3 telH 41*13 34 343 43 4 14H h))*13 4# 34* 43ji, 433 4 44 °144 
^ #4 oj^^v ^ ^ h-u)|s. <a*)iAi # aj.^ oj* 244fe 4 4-3 3)3 3 4 33 £3* £344, 
43*1 M13.2.3 ol4<H3, 

£5^4 43* *4*H 4133 3 4 33 44 MI4414 3433 234 43 31- 443 2443 3 
3 43 343. 

343 36. 

41 35 341 333, 43 34 €2 333 43 44 44 33 433 3a» £34^, 3^4 3*1) 3s 4 
33 fell 3 3 3 3^ 433 -^3-2-3. 4tt 43 343. 

^^3 37. 
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*1 35 *<H1 54*14, €2: %n ^-§- 4^ €3 -"HM £#4fe 3* A£ 4fe tfflfr #A)-7l. 

38. 

*H 35 *<H1 54*14 % #47] °J ^ <L3. *Hr ## #47]. 

39. 

€3 #* # 54fe * £# ^34 ^3 Slfe 4-SrD 7M^ £X|; 5 

m^.<H) afl^^ ^flj. % 3-®z\3i, %n % &± -a^it- 4#4fe. 

X)4-§- « -r Sftfe t47l ^-S-ofl #*}-SRr -a-*fl« 7Mfe 4X!4 3#*Rr €3 ^V^lfer ## 

XI 39 f-Xlfe ft* If^Jl # £# Ml#£ fts] ifl^ofl ufl^l^ ^ »>-g- £#*Hr 4fe 

^#41. 

x] 40 5a«H4 A j-7i ^ ^o)oi s^io S ^.^ ^7i. 

42. 

XI 40 *<HI 54<H4 ft£ #4^°J 3* *W±3. 4fe ## #44 
43. 

*1 40 IM #* ^nl^-oi ^.g. a^o S t \± %q %a}7). 

44. 

XI 39 *<H 54°14 £X]fe ## ^€ ft-t iWa, # £# Ml#£ * 4# 5.3 #* t 

£3 m-a-g- it4fe 3£ ^-°5L 4fe ## t47l. 

45. 

xi 39 5a<H4 -#7i ^-g- a#*u * £# #si u n^i€ * 4# ei-°M# $. 

t4fe 3-1- f^s 4fe %n #471. 

XI 39 *<H 54°14 443 ft-g- 5L#43i # £# vflS* # 4# ft 2 ! 5E#sHr 3* 
4fe##t44 

47. 
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*D 47 1H1 sa«H^, ^°1°J 5!* 44 °-5L i^}7). 
^T 1 ^ 49. 

*fl 47 1H) Sa<H^, tt-ft t^^NSl 3J* 43 6.3. Sffe ^ tA>7l. 
^T 1 ^ 50. 

>fl 47 *o| SH^i WHf^l 5}* 44 ^ *A>71. 

^T 1 ^ 51. 

39 1MI 5a°H. 

*l l 2 Sf-sHrd), ^ 2 ^ ^ 7)7)1 <83*vt 7H^ 3* 44 o. s sj. 

fe^fl)- ^71. 

^t 1 ^ 52. 

*l] 51 *J-°fl XH^i, »^ 4 V iife XI l ^ tflJMI 5!* 43.2.3. 4fe 34 ^a>7). 
3 ¥^53. 

*n 51 sa«H>H. 34 3 -s.^ xi i 343^ 3* 43 o.s 4^ 34 #47). 

5E.3 
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